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A RELATIONSHIP BETWEEN PITZER'S ACENTRIC FACTOR AND THE 
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A connect ion i s  found between P i t z e r 5 s  a c e n t r i c  f a c t o r  and 
t h e  parameter c which governs the  curva ture  of t h e  Morse p o t e n t i a l  
func t ion  a t  i t s  minimum. This  not only provides  a phys i ca l  
i n t e r p r e t a t i o n  f o r  c , but  a l s o  has  p r a c t i c a l  imp l i ca t ions  which 
are explored b r i e f l y .  
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P i t z e r  and coworkers developed and appl ied  a theory of t h e  
volurqetric and thernaodynauiic p rope r t i e s  of f l u i d s  involv ing  a 
f a c t o r  which is  a F a s u r e  of t he  a c e n t r i c l t y  of t h e  molecule. The 
e s s e n t i a l  p o i n t  i s  t h a t  ncnpolarJ  nonquantm f l u i d s  wi th  equal  
va lues  of t h e  a c e n t r i c  f a c t o r  s a t i s f y  the  law of corresponding 
s ta tes .  Although i t  was r e a l i z e d  t h a t  t h e  theory might be s t a t e d  
i n  terms of a s u i t a b l e  three-parameter potential model1  
bulk of i t s  d e v e l ~ p m e n t ~ ’ ~  was couched in s t ead  i n  terms of t h e  
the  
c r i t i c a l  temperature Tc , the  c r i t i c a l  p re s su re  Pc and the  
a c e n t r i c  f a c t o r  W ,  defined by 
= - log  (PD,) - 1.000 . 
Here P i s  the  vapor pressure  measwed a t  a temperature 
T = 0.7T . Only r e c e n t l y  has an e x p l i c i t  connect ion been made 
be tween and a l i n e a r  dinension of the core  of the  Kihara 
p o t e n t i a l  
4 
C 
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Ins t ead  of t he  Kihara model, le t  us consider  t he  Morse 
potent t ia l ,  
The s i g n i f i c a n c e  of t he  Morse p o t e n t i a l  parameters  has been 
1 
2 
discussed  i n  d e t a i l  e lsexhere. '  O n l y  the  r e l a t i o n  betwesn e and 
the  curva ture  o f  the p o t e n t i a l  a t  the e q G i l i S r l t i m  s e p a r a t i o n  r 
need be mentioned here  ; 
m 
3 7 
Since P i t z e r  and BaLesch shewed t h a t  the curva ture  of the p o t e n t i a l  
i nc reases  wi th  Lncreasing a e e n t r i c i t y  of t he  Kolecule i n  ques t ion ,  
it i s  reasonable  t h a t  a rePatLon between sc) and c shculd e x i s t .  
From a comparison o f  tbe pabl ished va lues  f o r  t3 wi th  the  
8 
va lues  of c suggested fo r  N2 and the  heavy r a r e  gases and f o r  
a number of hydrocarbans,  S t  can be shown thlat  
9 
c = 5 - + ? I &  0 
This  r e l a t i o n s h i p ,  toge ther  wi th  E q ,  (I), e s t a b l i s h e s  the  phys ica l  
s ign i f i cance  of the  Morse parameter c The a d d i t i v e  cons t an t  i s  
f i x e d  by the cond i t ion  t h a t  
w i th  the  observat ion t h a t  c jY5  fo r  these  simple f l u i d s .  Recent ly  
U Z Q  €or the  rare  gases '' toge ther  
8 
a se t  of empir ica l  r u l e s  have been developed i n  order  t o  e s t ima te  
the Morse parameters f o r  the  n-alkanes, '  For c t he  r u l e  i s :  
4 
3 
t 
where n i s  the  number of carbon atoms i n  t h e  n-alkane. This  
equat ion  toge ther  wi th  the  approximat ion 
3 
L which is v a l i d  f o r  most n-alkanes except  methane, then f i x e s  the  
second cons tan t  i n  Eq. (2) .  
I n  Table I va lues  of c obtained from published values  of 
cc) 2 v i a  Eq. (2) a r e  compared wi th  the  "most l i ke ly"  va lues .  899 
The l a t t e r  a r e  obtained by f i t t i n g  experimental  second v i r i a l  
c o e f f i c i e n t s  and v i s c o s i t i e s .  The agreement between the  two s e t s  
of c va lues  i s  r a t h e r  good. 
4 
These r e s u l t s ,  toge ther  w i t h  those of Danon and P i t z e r  , 
suggest  t h a t  t h e  a c e n t r i c  f a c t o r  provides  a simple and r e l i a b l e  
method fo r  determining what is  e f f e c t i v e l y  the  "well-width" parameter 
fo r  c e r t a i n  three-parameter p o t e n t i a l s .  A s  a p r a c t i c a l  consequence, 
t he  t a s k  of a s s ign ing  the  parameters of the  Kihara or the  Morse 
p o t e n t i a l  becomes no more d i f f i c u l t  than t h a t  fo r  t he  Lennard-Jones(12-6) 
p o t e n t i a l .  Once a l l  t he  parameters of such p o t e n t i a l s  a r e  f ixed ,  
c a l c u l a t i o n s  of a hos t  of macroscopic p r o p e r t i e s  a r e  aga in  j u s t  as 
i 
easy  t o  perform a s  with the  (12-6) p o t e n t i a l .  From these  p r a c t i c a l  
cons ide ra t ions ,  then, t h e r e  seems t o  be no r e a l  advantage i n  us ing  
t h e  "simpler" (12-6) p o t e n t i a l  ins tead  of the  "more complicated" 
4 
Kihara or Morse p o t e n t i a l s .  
So f a r ,  an e x p l i c i t  connection between the  a c e n t r i c  f a c t o r  and 
an in te rmolecular  p o t e n t i a l  has  been accomplished only fo r  t h e  
Kihara and Morse models. There i s  no a p r i o r i  r ea son  t o  b e l i e v e  t h a t  
such a r e l a t i o n  should not  be e s t a b l i s h e d  fo r  any s u f f i c i e n t l y  
r e a l i s t i c  p o t e n t i a l  model. 
L 
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TABLE I 
* *  A Comparison of t h e  most i i ke iy"  vaiues  of the irlorse parameter c 
w i t h  those ca l cu la t ed  from t h e  a c e n t r i c  f a c t o r .  
Subs tance 
A r  
m 
xe 
N2 
m e  thane 
e thane 
propane 
n-but ane 
n-pentane 
n-hep t ane  
n- oc tane  
benzene 
a 
Calculated,  Eq. (2) 
4 .978  
4.978 
5 022 
5.440 
5.143 
6.155 
6.672 
7 . 2 1 1  
7,772 
8.872 
(9.400) 
7.365 
b "Most l i k e l y "  
5.064 
4.905 
4.989 
5.238, (5.482) 
5.561 
6.096 
6.313 
7 . 7 5 1  
7.681 
9.070 
9.612 
6.519, (7.164) 
a Values of taken from Ref, 2 . The w f o r  n-octane w a s  
obtained by l i n e a r  ex t r apo la t ion ,  
Taken from "most l i ke ly"  p o t e n t i a l s  r epor t ed  i n  Ref. 9 f o r  t h e  
hydrocarbons and ifi Ref, 8 for t h e  remaining substances.  
va lues  i n  Parentheses  correspond t o  t h e  E 3 p o t e n t i a l s  d i scussed  
i n  those  r e fe rences .  
va lues  obtained from t h e  a c e n t r i c  f a c t o r ,  they may be t h e  more 
r e a l i s t i c  p o t e n t i a l s .  
b 
The 
Inso fa r  as they agree b e t t e r  w i th  t h e  
c 
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